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K . N E Y T S ,  G.  H U Y S ,  M.  U Y T T E N D A E L E ,  J .  S W I N G S  A N D  J .  D E B E V E R E .  2000 . Sixty-eight food 
sam ples were exam ined for the presence o f m esophilic Aeromonas species bo th  qualitatively 
and quantitatively. Aerom onads were isolated from  26%  o f the  vegetable samples, 70%  of 
the m eat and pou ltry  samples and 72%  of the fish and shrim ps. N um bers o f motile 
aerom onads p resen t in the food samples varied from  <  IO2 cfu g_1 to >  10s cfu g ~ '. G L C  
analysis o f F A M E s was used to identify a selection o f p resum ptive Aeromonas colonies to 
fenospccies or genom ic species level. Aeromonas strains belonging to the Aer. caviae 
com plex, w hich also includes the potentially pathogenic genospecies H G 4 , w ere mostly 
isolated from  vegetables b u t w ere also found in  m eat, poultry  and fish. In  addition, three 
strains o f the v iru lent taxon Aer. veronii biovar sobria H G 8 were isolated from  poultry  and 
m inced m eat. All m em bers o f the Aer. hydrophila com plex, predom inant in th e  fish, meat 
and pou ltry  samples, were classified in the non-v iru len t taxon H G 3. A lthough the 
significance o f Aeromonas in foods rem ains undefined, the isolation o f Aeromonas H G 4  and 
H G 8  strains from  a variety o f retail foods m ay indicate that these p roducts can act as 
possible vehicles for the dessim ination of food-borne Aeromonas gastroenteritis.
IN T R O D U C T IO N
Aeromonas species are w idely d is trib u ted  in the aquatic 
en v iro n m en t, in c lu d in g  raw  and processed d rink ing  w ater 
(H olm es et al. 1996), an d  have been  frequen tly  isolated 
from  various food p ro d u c ts  such  as fish and shellfish, raw 
m eat, vegetables an d  raw  m ilk (Palum bo 1996). M otile  
aerom onads are considered  as em erg ing  food-borne patho­
gens because it  was showrn th a t som e Aeromonas food iso­
lates can produce  different, v iru lence  factors, not only at 
optim al g row th tem p era tu re , b u t also at refrigeration  tem ­
p eratu res (M erino  et al. 1995). T h is  m ay be o f im portance 
for refrigerated  food p ro d u c ts  th a t usually  have an 
ex tended  shelf-life  a t th is tem p era tu re . A lthough  the exact 
role o f  these v iru lence  factors in  th e  pathogenesis o f  m otile 
Aeromonas species is still n o t fully e luc idated , rep resen ta­
tives o f these taxa have been in crim inated  in  cases o f 
h u m an  gastroen teritis , particu la rly  in ch ild ren  younger 
th an  2 years, th e  e lderly  and  im m unocom prom ised  patients 
(Joseph 1996). F u r th e r , Aeromonas species are frequently  
associated w ith  trav e lle rs’ d iarrhoea  (H än n in en  el al. 1995; 
Y am ada el al. 1997). C on seq u en tly , aerom onads should  be
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carefully  m on ito red  in foodstuffs as a possible source o f 
food-borne  infections.
P h en o ty p ic  characteris tics o f  Aeromonas spp. have been 
used  to d ifferen tia te  betw een environm ental stra in s and 
those stra ins causing  gastroen teritis . H istorically , m otile 
aerom onads w ere phenotyp ically  classified in to  th e  species 
Aer. hydrophila , Aer. sobria and  Aer. caviae , accord ing  to 
th e  c rite ria  o f  P o p o ff (1984). W ith  th e  in tro d u c tio n  o f 
D N A -D N A  hybrid ization  techn iques (P opoff el al. 1981), 
th e  taxonom y o f  th e  genus Aeromonas has becom e m uch 
m ore  refined and consequently , th e  use o f biochem ical 
characte ris tics alone for the reliable identification  of 
u n k n o w n  Aeromonas isolates is no longer adequate. 
C u rren tly , th e  genus Aeromonas com prises at least 14 geno­
m ic species or D N A  hybrid ization  groups (H G ), o f  w hich 
som e have n o t yet been  nam ed  (H uys el al. 1996). 
In te restin g ly , m ost pathogen ic  Aeromonas stra ins group 
p red o m in an tly  in  th ree  o f  these  genom ic species, Aer. 
hydrophila  H G 1 , Aer. caviae FIG  4  and Aer. veronii biovar 
sobria H G  8 (A ltw egg el al. 1990). As m ost surveys used 
m ain ly  p heno typ ic  techniques for th e  identification o f 
Aeromonas food isolates, few reliable data are available on 
th e  p revalence o f  these  Aeromonas taxa in  foods.
T h e  objectives o f  th is study  were: (i) to de term ine  the 
p revalence o f  Aeromonas spp. in  a w ide variety  o f  retail 
foods, bo th  qualitatively  (ab sen ce /p resen ce  per 25 g) and
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q u an tita tiv ely  (cfu g ~ ')  and  (ii) to a s s e s s  th e  taxonom ic 
d iversity  o f  th e  isolated stra in s to genom ic species (H G ) 
level using  g as-liq u id  ch ro m atograph ic  analysis o f  cellular 
fatty  acids.
M A T E R IA L S  AND M E T H O D S  
S am p ling  of fo o d s
A total o f  68 food sam ples, 27 vegetable sam ples, 23 pou l­
try , red  m ea t and m eat p ro d u c t sam ples, and  18 sam ples o f 
fish and  sh rim p s, w ere collected  from  seven random ly 
selected  local retail shops and  sup erm ark e ts  in F landers , 
B elgium . F oods w'ere p u rch ased  in  reg u la r consum er 
packages an d  im m ediately  tran sferred  to  th e  laboratory  for 
analysis.
Q u antita tive  a n a ly s is  (en u m era t io n  of Aeromonas  
sp p .)
F ood  sam ples (30 g) were tran sferred  aseptically  to sterile 
stom acher bags, d ilu ted  10-fold in p ep to n e  saline solu tion  
[8-5 g N a C i r 1 (Vel), l g  p ep tone  P 1 (O xoid), p H  7 0], 
hom ogenized , and  a 10-fold serial d ilu tio n  p repared . T w o  
selective cu ltu re  m edia w ere used for en um eration , nam ely 
A D A  p H  8-0 (A m p ic illin -D ex trin  A gar) and m odified 
B IB G  p H  8-7 (m odified B ile S a lts -Irg asan -B rillian t G reen  
A gar) (N eyts el al. 2000).
B oth  m edia  w ere incubated  for 24 h  a t 30 °C  and  pre­
su m p tiv e  Aeromonas colonies en u m era ted . Aeromonas 
stra in s  typically  p roduce  yellow  colonies on  A D A  m edium  
an d  p u rp le  colonies on m B IB G  m ed ium . T h re e  p re su m p ­
tive Aeromonas colonies w ere su b cu ltu red  o n  T ry p tic  Soy 
Agar (O xoid) for 24 h, 30 °C , for purification  and subse­
qu en tly  identified to genus level by oxidase and catalase 
testing , G ram  coloration and  th e  B B L  C rystal ID  kit 
(B ecton D ick inson  Cockeysville, U S A ).
Qualita tive a n a ly s is  ( p r e s e n c e / a b s e n c e  of Aeromonas  
sp p .)
F ood  sam ples (25 g) w ere tran sferred  aseptically  to sterile  
s to m ach er bags, d ilu ted  10-fold in  A lkaline P ep to n e  W ater 
p H  8-7 (O xoid), hom ogenized, and  in cu b a ted  for 24 h at 30 
° C  p rio r to  inoculation on to  A D A  and  m B IB G  m edium . 
P resu m p tiv e  Aeromonas colonies w ere identified as 
described  above. Food sam ples w ere  defined as being  posi­
tive for Aeromonas i f  confirm ed Aeromonas colonies were 
iso lated  on  e ith e r A D A  o r m B IB G  m edia.
FAME identif ication  of Aerom onas  iso la te s
G a s-liq u id  ch ro m ato g rap h ic  (G L C ) analysis o f cellular 
fatty acid m ethy l esters (F A M E s) W'as used to fu rth e r 
determ ine  th e  taxonom ic d iversity  am ong  130 Aeromonas 
isolates from  fish (73), vegetables (41), and m eat and poul- 
try(16). F A M E  profiles w ere d e te rm in ed  as described by 
H u y s el al. (1995). E ssen tia lly , ov ern ig h t cu ltu res were 
inocu lated  on T ry p tic  Soy A gar (15 g 1—1 ; D ifco) according 
to the q u a d ran t streak m eth o d  (M ID I, 1999). Cells were 
harvested  from  th e  th ird  q u ad ran t afte r 24 h. Follow ing 
saponification o f  th e  cell lip ids, m éthy lation  o f  th e  fatty 
acids and  ex traction  o f F A M E s, th e  w ashed ex tracts were 
analysed by a G L C  eq u ip p ed  w ith  a flame ionization  detec­
to r. T h e  re su ltin g  peak p a tte rn s  w ere autom atically  iden ti­
fied and  com pared  w ith  th e  p red e term in ed  library  profiles 
o f a rep resen ta tive  database, A E R 48C , w hich  contains the 
m ean F A M E  profiles o f  all cu rren tly  recognized D N A  
hybrid ization  groups (H G s) or genom ic species w ith in  the 
genus Aeromonas.
R E S U L T S  
P re v a len ce  of Aerom onas  sp .  in v e g e ta b le s ,  poultry 
an d  m eat ,  f ish  a n d  s h r im p s
M esophilic  aerom onads w ere  identified  in  2 6 %  o f  th e  vege­
table sam ples exam ined  (T ab le  1). O nly  tw o sam ples (fen­
nel and  garden  sorrel) w ere positive by d irec t plating 
(detection  lim it IO2 cfu g_1), in d ica tin g  aerom onad counts 
o f  betw een 2-9 x  IO2 cfu g -1  and 4-9 x  IO3 cfu g _1. A rela­
tively h igh  percen tage  o f  positive sam ples (70% ) was found 
for m eat and  po u ltry  (« =  23) (T ab le  1). D e tec tio n  o f  m eso­
philic aerom onads by d irec t p la ting  was only  positive for 
five o f  these sam ples (bacon, chicken breast m eat, h am b u r­
ger, m inced  m eat 2 x ) .  H ow ever, in one sam ple, aerom onad 
counts exceeded 10s cfu g _1. T h ir te e n  (72% ) sam ples of 
fish and  sh rim p s ( « = 1 8 )  w ere con tam inated  w ith 
Aeromonas and in 10 o f  these  sam ples, th e  aerom onad 
populations ranged  from  1-9 x  IO2 to 2-4 x  IO5 cfu g -1 
(T ab le  1).
In  th e  qualitative  analysis o f  foods, no significantly d if­
fe ren t resu lts  w ere ob ta ined  u sing  th e  A D A  o r m B IB G  
m ed ium  (T ab le  1). Significantly  m ore sam ples show ed a 
h igh  level o f  con tam ination  using  the A D A  m edium  than 
the m B IB G  m ed iu m  for d irec t p lating  o f  food hom ogenates 
(T ab le  1). I f  typical Aeromonas was p re sen t on both  m edia, 
enum eration  was ab o u t 0 -5 -1 '0  log u n it  h igher on the 
A D A  m ed ium  th an  on th e  m B IB G  m ed ium . H ow ever, the 
background flora was significantly  reduced  on  th e  m B IB G  
m edium  (0-5-2-0  log u n its  for th e  vegetable sam ples, 
results no t show n). T h is  indicates th a t m B IB G  is a m ore 
selective m edium . All p resu m ed  Aeromonas colonies from 
m B IB G  m ed ium  w ere confirm ed as Aeromonas sp ., whereas
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T a b le  1 P rev a len ce  o f  A erom onas  spp . in  d iffe ren t foods
S o u rce
N o . sam ples w ith  Aerom onas  spp .
T o ta l p e r  25 g 
A D A m B IB G
>  100 g -1
A D A m B IB G
V egetab les 7 /2 7  (26)*a 6 /2 7 6 /2 7 2 /2 7 1 /2 7
P o u ltry  an d  m ea t 1 6 /2 3  (70)*b
P o u ltry 5 /6 4 /5 4 /5 1 /5 0 /5
R ed  m eat 9 /1 4 8 /1 3 8 /1 4 1 /1 3 2 /1 4
M e a t  p ro d u c ts 2 /3 2 /3 1 /3 1 /3 0 /3
F is h  a n d  sh rim p s 1 3 /1 8  (72)*b
F is h 1 1 /1 4 9 /1 2 1 1 /1 4 9 /1 2 5 /1 4
S h r im p s 2 /4 0 /2 2 /4 0 / 2 0 / 4
T o ta l 3 6 /6 8  (53)* 2 9 /6 2  (47)*k 3 2 /6 7  (48)*k 1 4 /6 2  (23 )*x 8 /6 8  (12)*y
« F ig u re s  in  p a re n th e se s  in d ica te  p e rc e n t values.
a’b—k—x’yD iffe rCn t  ch arac te rs  in d ica te  sign ifican tly  d iffe ren t re su lts  (P  < 0 05 B in a ry  L og istic  R eg ress io n , S P S S  9 0 fo r W indow s).
six typical colonies picked from  A D A  w ere identified  as 
Pseudomonas sp. T h is  indicates th a t m B IB G  b e tte r d iffer­
en tia tes  Aeromonas.
C ro ss-in o cu latio n  o f  stra ins picked from  e ith e r m ed ia  on 
th e  o th e r m ed iu m  revealed th a t b o th  m ed ia  are com ple­
m en ta ry ; tw o o f  64 Aeromonas isolates taken from  m B IB G  
did  n o t grow  on A D A , and an o th er th ree  o f  th e  64 isolates 
d id  n o t p ro d u ce  typical Aeromonas colonies on A D A . O n 
th e  o th e r h an d , 13 o f  99 isolates taken from  A D A  d id  no t 
grow  on  m B IB G , and  one o f the 99 isolates did n o t p ro ­
duce  typical colonies o n  m B IB G  (resu lts n o t show n).
Identification of Aeromonas  iso la te s  from  v e g e ta b le s ,  
m e a t  a n d  poultry ,  an d  fish
F ro m  th e  p re sen t su rvey , 216 m esophilic  Aeromonas isolates 
w ere ob tained . F A M E  was used to  fu rth e r de te rm in e  the  
taxonom ic  d iversity  am ong 130 o f  these  isolates (73 isolates 
from  fish, 41 from  vegetables and  16 from  m eat and  pou l­
try). T h e  p re d o m in an t hybrid ization  group  (H G ) o f  m otile  
aerom onads isolated from  fish sam ples was Aer. hydrophila  
H G 3  (59% ), follow ed by represen tatives o f  th e  Aer. caviae 
com plex (H G 4  an d  H G 5 A ) (12% ). A  sim ilar resu lt was 
o b ta ined  fo r th e  m ea t and  po u ltry  sam ples, i.e ., 37%  o f  the 
isolates w ere iden tified  as Aer. hydrophila  H G 3  and 12%  as 
be lo n g in g  to th e  A er. caviae com plex (H G 4  and H G 5A ). 
In te re stin g ly , th ree  stra ins (19% ) isolated from  m eat and  
po u ltry  could  be  assigned to H G 8  {Aer. veronii b iovar 
sobria). In  co n trast, isolates ob tained  from  vegetables w ere 
d o m in a ted  by stra in s  belonging to th e  Aer. caviae com plex 
(7 1 % ) (H G 4 , FIGS A  and  H G 5 B ), follow ed by Aer. hydro­
phila  H G 3  (7 % ) an d  Aer. bestiarum H G 2  (5% ).
D IS C U S S I O N
In  recen t years, the n u m b e r o f rep o rts  on  th e  prevalence o f 
Aeromonas in food p ro d u c ts  from  various geographical 
regions has increased  significantly . F o r instance, Ib rah im  
and  M acR ae (1991) re p o rte d  th at Aeromonas was p re sen t in 
60, 58, 74 and 26%  o f  investiga ted  beef, lam b, pork  and 
m ilk sam ples, respectively , w hereas K rovacek el al. (1992) 
found aerom onads in 4 2 %  o f  th e  food sam ples orig inating  
from  a random  selection  o f  re ta il ou tle ts in Sw eden. 
Aeromonas w ere also fo u n d  in  fish and  fresh  salads (W alker 
and  Brooks 1993), fresh ly  dressed  lam b carcasses (S ierra 
et al. 1995), oysters (T sa i an d  C h en  1996), cheese and  raw 
cow’s m ilk (M elas et al. 1999). In  th e  p resen t stu d y , m eso­
philic  aerom onads w ere isolated from  2 6 %  o f  the vegetable 
sam ples, 7 0 %  o f  th e  m ea t and p o u ltry  sam ples and  from  
7 2 %  o f  th e  fish and  sh rim p s. Because o f  th e  obvious d iffer­
ences in sam pling  period , geographical location, th e  origin 
o f  th e  sam ples and m ethodology  for analysis, it is difficult 
to com pare the level o f  Aeromonas incidence published  by 
d iffe ren t au thors . H ow ever, the  p re sen t data clearly con­
firm  th e  w idespread d is tr ib u tio n  o f  m otile  aerom onads in 
retail foods, and also reveal a large variation  in th e  level of 
con tam ination . N u m b ers o f  m otile  aerom onads p re sen t in 
th e  food sam ples varied from  <  IO2 cfu g -1 to >  10s cfu 
g - 1 . T h e  la tter m ig h t b e  a reflection o f  p roduct-specific  
p rop erties  th at can significantly  influence th e  survival ra te  
and  grow th  characteristics o f  Aeromonas, i.e ., in itial con­
tam ination  levels, ty p e  o f  p rocessing , m eth o d  o f  packaging 
and  preservation  (Palum bo 1996).
T h e  b iochem ical classification o f  Aeromonas isolates into 
one o f th e  th ree  h isto rically -defined  fenospecies, i.e ., Aer. 
hydrophila , Aer. caviae and  Aer. sobria, is applied in  the
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m ajority  o f  surveys o f  m otile  aerom onads in  foods (H udson  
et al. 1992; K rovacek  et al. 1992; G ran u m  et al. 1998). O n 
th e  o th er h an d , very  few stu d ies have reported  identifica­
tion a t th e  genom ic species level. Because o f  th e  significant 
lack o f  da ta  for th e  d ifferen t taxa, rap id  m in ia tu rized  or 
au tom ated  system s using a panel o f  biochem ical tests are 
in ap p ro p ria te  fo r iden tification  o f m otile aerom onads to 
genom ic species level. As the  m ajority  o f th e  v iru len t 
Aeromonas s tra in s  belong to Aer. hydrophila  H G 1 , Aer. 
caviae H G 4 , or Aer. veronii b iovar sobria H G 8  (Altwegg 
el al. 1990), a reliable identification o f food isolates is 
necessary to  estab lish  th e  risk associated w ith  th e ir preva­
lence in  foods. In  th e  c u rre n t study , G L C  analysis o f  
F A M E s was used  to iden tify  a selection  o f p resum ptive  
Aeromonas colonies to fenospecies o r genom ic species level. 
Aeromonas s tra in s belong ing  to th e  Aer. caviae com plex, 
w hich also includes the po ten tially  pathogenic genospecies 
H G 4 , w ere m o stly  isolated from  vegetables b u t w ere also 
found in m eat, p o u ltry  and  fish. In  add ition , th ree  strains 
o f H G 8  w ere isolated from  po u ltry  and  m inced m eat. No 
rep resen ta tives o f  H G 1  w ere found am ong th e  selected 
colonies as all m em bers o f  th e  Aer. hydrophila  com plex 
w ere classified in  th e  n o n -v iru len t taxon H G 3 . T h e  isola­
tion o f  Aeromonas H G 4  and  H G 8  stra ins from  a variety  o f 
re ta il foods m ay  ind ica te  th a t these  p ro d u c ts  can act as pos­
sible vehicles fo r th e  dessim ination  o f  food-borne 
Aeromonas gastroen teritis . H ow ever, it is clear th a t add i­
tional data on  th e  p ro d u c tio n  o f  v iru lence factors, such  as 
haem olysins an d  cy to ly tic  en tero tox ins, are requ ired  to 
su p p o rt th is  hypothesis. F o r  exam ple, C allister and Agger 
(1987) concluded  th a t all A er. hydrophila  isolates from  retail 
grocery sto re  p ro d u c ts  w ere h igh ly  cytotoxic at 3 5 °C  in 
com parison  w ith  th e  non -cy to to x ic  Aer. caviae strains. 
In terestin g ly , G ra n u m  el al. (1998) rep o rted  th a t the 
m ajority  o f  th e  Aer. caviae s tra in s  isolated by  N orw egian  
food contro l laborato ries cou ld  produce  cytotoxins at 30 °C  
b u t no t at 3 7 ° C. A lthough  th ese  resu lts ind icate  th at 
stra ins iden tified  as Aer. hydrophila  shou ld  be m onito red  in 
th e  epidem io logy  o f  Aerom onas-zssociated  hum an  gastroen­
teritis , it is u n fo rtu n a te  th a t th e  identification m ethods 
used in  b o th  s tud ies d id  no t allow discrim ination  am ong 
H G 1 , H G 2  or H G 3  o f  th e  A er. hydrophila complex.
D esp ite  th e  fact th a t po ten tially  pathogen ic  aerom onads 
are p re sen t in  food an d  food p ro d u c ts , infection  and  the 
onset o f  gastro en teritis  will only  occur if  th e  level o f  con­
tam ination  exceeds th e  in fec tive  dose. H ow ever, there  are 
cu rren tly  insufficien t clinical data to de te rm in e  th e  infec­
tive dose. M o reover, it  has been  show n th a t the level o f  
co n tam ination  a t  th e  m o m en t o f  consum ption  depends 
up o n  th e  in itial co n tam in a tio n  and  th e  opportun ities for 
g row th  a n d /o r  survival d u rin g  processing , p reservation  and 
p rep ara tio n  o f  th e  food (Pa lum bo  1996). F u rth e r  research 
is also needed  to estab lish  co n tam ination  routes. So far, the
significance o f  Aeromonas in foods rem ains undefined, 
although  th e re  is a g row ing  concern  about the consum ption  
o f  /ferow oK ös-contam inated food by young  ch ild ren , the 
elderly  an d  th e  im m u n o co m p rim ised .
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